Central pontine and extrapontine myelinolysis are well-recognized osmotic demyelination syndromes related to the rapid correction of hyponatremia, chronic alcoholism, and malnutrition. They are reported to show brain stem signs and various movement disorders. A 58-year-old man with a history of chronic alcoholism was admitted for dysarthria, dysphagia, and gait disturbance that had developed five days after a right forearm cellulitis. Magnetic resonance imaging revealed demyelinating patterns in the central portion of the pons and both thalami. He showed severe extrapyramidal symptoms with truncal swaying and postural instability that resulted in severe gait disturbance. Postural instability showed little improvement after conventional physical therapy, but his symptoms markedly improved after five days of dopamine administration. Cessation of dopamine agents was attempted two times, but postural instability and gait disturbance recurred. Therefore, medication was continued for one year. The patient showed stable gait and no further deterioration 
Introduction
Osmotic demyelination syndrome (ODS) is a demyelinating disease that includes not only the pons (i.e., central pontine myelinolysis, CPM), but also other areas of the central nervous system, principally the thalami, globus pallidus, putamen, lateral geniculate body, and white matter of the cerebellum (i.e., extrapontine myelinolysis, EPM 1 ). The cause and pathogenesis of ODS remain unclear, but it is often associated with rapid correction of hyponatremia, chronic alcoholism, malnutrition, prolonged diuretic use, extensive burns, and liver failure. 2 Clinical symptoms and signs are inconsistent and vary from a mild tremor or dysarthria to locked-in syndrome. 3 In addition, extrapyramidal symptoms, which manifest as various movement disorders such as parkinsonism, dystonia, and catatonia, can be caused by brain damage like osmotic demyelination syndrome. 2, 4 The diagnosis, prevention, and management of ODS are relatively well-reported, but symptomatic treatment of the various neurological deficits such as extrapyramidal syndrome has not been established.
In particular, extrapyramidal syndrome without accompanying parkinsonism has rarely been reported in ODS. According to the literature, the prognosis for CPM and EPM is poor, and mortality as high as 50% has been reported. 5 Limiting functional loss in these patients is crucial; however, there are no guidelines or studies that have ad- dressed the rehabilitative strategies during the recovery phase in these patients.
In this case report, we describe a patient with chronic alcoholism with CPM and EPM accompanied by extrapyramidal syndrome who showed limited functional recovery during conventional physical therapy but had a good response after dopaminergic treatment.
Case Report
A 58-year-old man with a 20-year history of more than 60 g of alcohol use per day was admitted to the local hospital with a forearm laceration and cellulitis. After five days, he suddenly developed ataxia, BBS showed improvement to 42 points (Fig. 3) . In order to confirm the effect of the dopaminergic agent on ODS, levodopa/carbidopa was tapered under the patient's consent. One day after drug discontinuation, the patient complained of subjective worsening of his gait pattern, and follow-up BBS showed deterioration to 32 points.
Readministration and further increase of the levodopa/carbidopa dosage to 400/100 mg led to gradual improvement with a BBS of 42 points.
Upon discharge, he was able to walk under supervision without any postural instability (Fig. 2B) .
At the time of discharge, the MBI score was improved to 88. In addition, the patient's dysphagia showed improvement with no vallecula residue and no direct aspiration in liquids (dysphagia outcome severity level 6, penetration aspiration scale 1), and he was put on a normal diet including liquids. After discharge, he complained of mild dizziness, so we added dimenhydrinate (300 mg) and ginkgo biloba (80 mg) to his treatment regimen. Additional medication did not affect his gait function.
At one-year follow-up, he had improved to his premorbid functional state with a BBS of 56 points. We attempted to taper his medication. The dopaminergic agent levodopa/carbidopa was slowly reduced to 250/25 mg, and buspirone, dimenhydrinate, and ginkgo biloba were reduced to 10, 100, and 40 mg, respectively. While the patient showed no interval change with 500/50 mg of levodopa/carbi- dopa, he re-experienced truncal swaying and gait disturbance when the dosage was reduced to 250/25 mg. A follow-up BBS evaluation after the second discontinuation showed deterioration to 48 points.
Thus, levodopa/carbidopa was increased to 500/50 mg, but the other medications (buspirone, dimenhydrinate, ginkgo biloba) were maintained at the same dosage. After the re-increase of the dopaminergic agent, the patient was able to maintain a stable gait and good balance (Fig. 2C ).
Discussion
In this report, we present a rare case of combined CPM and EPM in which the patient showed refractory recovery under conventional physical therapy but showed a good response to dopaminergic administration. A similar case of CPM and EPM associated with alcohol withdrawal has been reported, 3 but there have been few reports on the management of these patients in the rehabilitation stages.
CPM and EPM, also known as ODS, are demyelinating disorders that are caused by osmotic imbalances. 3 The cause and pathogenesis of ODS remain unclear, but underlying chronic disease or rapid correction of hyponatremia may be central to the development of ODS.
Especially, chronic alcoholism is a common associated risk factor for developing ODS with normonatremia. 6 It is believed that osmotic change due to decreased intake of food or water during heavy drinking or alcohol withdrawal may put alcoholics at a greater risk of cell shrinkage and hence demyelination. 3, 7 There are three possible types of myelinolysis: CPM alone, EPM alone, and CPM and EPM together. 2 Although these conditions share the same pathology and time course, they differ in clinical manifestations. CPM is associated with flaccid quadriparesis, dysarthria, dysphagia, ophthalmoplegia, ataxia, and reflex changes.
EPM is characterized by tremor, ataxia, gait disturbance, extrapyramidal symptoms, emotional lability, disorientation, and movement disorders, including mutism, parkinsonism, dystonia, choreoathetosis, and catatonia. 1,2 Although rare, when CPM and EPM occur together, the combined symptoms suggest tragic neurological injury and may be difficult to recognize because the extrapontine manifestations are often masked by a severe pontine lesion.
2,8
Dopaminergic agents have been reported to be effective in case reports of CPM or EPM. 8, 9 In one CPM case, the levodopa/carbidopa dosage was 125/25 mg, and medication was maintained up to seven years. 8 In one EPM case, the levodopa/carbidopa dosage was 100/25 mg, and the medication was maintained for six months. 9 But dopaminergic agents have not been reported to be effective in case reports of CPM and EPM presented together. Our case report is clinically relevant in that it showed the efficacy of dopaminergic agents when CPM and EPM presented together with severe gait impairment; however, more research is warranted to determine the optimal dosage and duration of dopaminergic therapy. In CPM, dopaminergic agents have been proven to be beneficial in patients with bradykinesia, rigidity, and tremor. 8 In EPM, dopaminergic agents have been shown to improve bradykinesia, gait disturbance, cogwheel rigidity, and dysarthria. 9 The pathogenesis of EPM with parkinsonism is believed to be due to osmotic injury causing demyelination of the nigrostriatal dopaminergic pathway, resulting in destruction of the striatal nerve terminals. 2, 9 Our case is clinically significant in that it is the case report that showed positive dopaminergic response in a case where CPM and EPM was involved simultaneously. It is also different from previous CPM and EPM cases 8, 9 in that the patient only showed extrapyramidal symptoms without any features of parkinsonism. Nonetheless, dopaminergic agents proved to be equally effective in our patient. This is probably due to the close input and output connection between the basal ganglia, thalami, and substantia nigra; 10 however, further research is needed to establish the exact pathogenesis of CPM/EPM and to elucidate the exact mechanism of the good functional gains observed in our patients only during dopaminergic agent administration.
In conclusion, this is a rare case report of combined CPM and EPM in which the patient presented with extrapyramidal syndrome without parkinsonism that showed a favorable response to dopaminergic treatment. These findings suggest that physiatrists should not only pay attention to the diagnosis of CPM/EPM, but also be aware that the outcome and prognosis of these patients can be changed dramatically with the administration of dopaminergic agents during their rehabilitation stages. Dopaminergic therapy should be considered for CPM/EPM patients who show refractory recovery with conventional physical therapy during their rehabilitation stages.
